Phased array radars — what next for GaAs?  by Szweda, Roy
Military phased-array radar systems (PARs)
coming into service shortly will require thou-
sands of radar modules. At this stage it is cer-
tain these will all be based on GaAs. They rep-
resent some conspicuously large orders for
GaAs-based systems, but are in the main
ignored by the general press. However, this
GaAs success may be short-lived. For their next
generation, radar companies are already look-
ing to exploit the advantage of the more robust
qualities of compounds such as SiC and GaN.  
In the news recently was a further billion dollar
investment in airborne early warning (AEW)
radars. The latest was by the Indian Armed Forces,
which follows similar investments by the RAAF and
before that Japan’s ASDF. While the latter were for
the Northrop Grumman MESA system, India is
acquiring the Phalcon AEW system from Israeli
Aircraft Industries and Elta which is partnered with
another leading US radar company, Raytheon.
Everyone talks about handsets as the ‘killer app’
for GaAs PA MMIC modules. A while ago they
were talking of massed arrays of modules serv-
ing ‘Internet-in-the-sky’ satellite based commu-
nications. Iridium has enjoyed mixed success,
but the follow-ons never left the ground. So it is
AEW which at last is turning into the first really
substantial user of multiple GaAs RF modules.
This development is a logical successor to the
military’s use of individual modules in missiles
such as the AMRAAM, HARM and ALARM. First
generation PARs have been in service for some
time and multi-unit modules are used in elec-
tronic warfare systems inside aircraft like the
B1 and B2 bombers. The really large scale ‘first-
generation’ PARs can be found in ship-based
systems such as the USN AEGIS cruisers or the
land-based ICBM EW ‘Pave Paws’ system. But
these still have conventional TWT microwave
sources. True ‘active’ PARs are coming about
thanks to GaAs MMIC technology.
Indeed, even the newest generation of fighters
are still reliant on planar antenna radars. Aircraft
like the F22 and Eurofighter Typhoon will soon
have AESA - “active electronically scanned array”
radars, but these will likely not see service let
alone combat for some years yet. These will over
the longer term find their way into civil aircraft
applications such as ATC and even in airliners. 
Seeing how expensive these new contracts are -
well over US$1 bn for half a dozen units - the
future market potential for PARs will hinge on
drastically lower costs. Adoption of processes
now used in, for example, the manufacture of PA
modules for handsets could be of some help.
However, assembling multiple modules into a
compact volume is going to present huge chal-
lenges. One of the toughest will be heat man-
agement - these radars can dissipate over 20 kW
per square metre. So once again progress in the
semiconductor area will have to proceed hand in
hand with that in materials and processes for
efficient heat removal. Otherwise the Phalcon
will be one huge microwave oven! Some readers
may recall the endurance limit of the Nimrod
AEW was compromised by having to keep
enough fuel to cool the electronics.
The wide bandgap compounds are the obvious
solution, but are much less mature than GaAs.
For higher power operation they confer lower cur-
rent and a lower overhead for the power supply
distribution, and better overall thermal manage-
ment. Early trials confirm the potential but broad
commercialization is probably a decade away. A
key factor will be designer friendly services such
as that offered by Cree with its commercially
available SiC MESFETs, which have some per-
formance edge over comparable GaAs devices.
Only later will it shift back to III-Vs with GaN-
based devices. These not only work at high
temperatures compared to GaAs or even SiC,
but also work particularly well at microwave
and mm-wave frequencies. 
One is left to ponder whether all of these
trends may come to nothing if SiGe comes into
play. This technology is already proving itself
cost-competitive and certainly the frequency
performance is there. With markets of this size
you can rely on someone looking into it. The
following web reference gives an indication of
what some Dutch astronomers think of SiGe for
their particular PAR application:
http://www.astron.nl/documents/conf/tech-
nology/tech22w.pdf
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